Introduction
It is known that the wide extraction of hard coal around the world started in the beginning of the XIX century, which is connected with the needs of economic development [2, 10] . The coal is obtained in various ways: in quarries and in mines. A characteristic feature of the development of both coal deposits and other minerals is the removal of large rock masses, the annual volumes of which are several times higher than the volumes of coal produced. These rocks also form numerous dumps represented by different species of rocks, which are heterogeneous in the granulometric composition. Depending on the technology of heaping, dumps of the following types are formed: conical (waste pits), spinal and flat. The areas of influence of the dumps exceed the area of the dumps several times. Landfills and waste heaps occupy about 165 thousand hectares, which is 2.5 % of the territory of Ukraine.
The harmful effect of rock dumps of coal mines on the environment has been investigated by many authors. Dumps of coal mines burn, dust, erode and are radioactive. As a result of physical and chemical weathering, the rock collapses, turns into dust, and together with combustible gases and a combustion site is one of the main sources of air pollution and deterioration of the sanitary condition of cities and working settlements of coal mines. For waste heaps, spontaneous combustion processes are typical in which up to 70 thousand tons of harmful substances per year enter the atmosphere: carbon monoxide, carbon dioxide, sulfur dioxide, sulfuric anhydride, hydrogen sulphide, carbon disulfide, carbon monoxide, nitrogen oxides, sulfuric acid, ammonia, cyanides, thiocyanates and others. Much attention is paid to the burning coal dumps in the whole world. Various geophysical methods and methods of GIS are used to find centers of ignition . Gases entering the atmosphere from the dumps change the composition of atmospheric air, which significantly affects the soil and vegetation cover, the animal world, the productivity of land in adjacent areas to the dumps. At burning of 1 kg of a rock there is a pollution of atmospheric air in volume of 6.7-8.7 million m 3 . An assessment of the effect of dumps on the envi-ronment in the study of physical and mechanical properties of rocks was carried out.
There are neighboring villages in the zone of the dumps influence, in this connection an active issue is the assessment of the harmful impact of dumps on the environment and, first of all, on the level of air pollution. For this evaluation, the OND-86 model is used, which completely does not allow taking into account the parameters of the stability of the atmosphere, the change in the value of wind speed to the formation of pollution zones. In the world practice, more universal mathematical models based on solving the equations of convective-diffusion dispersion of an impurity in atmospheric air are used to solve problems of assessing the influence of dumps on atmospheric air pollution.
At present, the regularities of the effect of dumps from coal mines on the environment have been clarified both during their operation and after the elimination of mines. Methodological approaches to the comprehensive environmental assessment of the impact of coal mine dumps on the environment have been improved. It was shown that an effective approach is based on adequate models of wind flow around dumps and convective-diffusion transfer of dust-gas impurities in the area of the dumps.
The main source of air pollution of adjacent areas to the dumps is their burning and dusting.
Around 60-75 % of conical and 17-37 % of flat dumps are subjected to spontaneous combustion, more than 500 thousand tons of gaseous substances are emitted from their surfaces annually. Namely, about 9.758 kg of CO, 154170 kg of CO2, 1476 kg of SO2, 339 kg of H2S, 72 kg of NO+NO2 enter the atmosphere per day from burning rock dumps of mines and concentrating factories of Donbas. Accumulation of these substances is the cause of environmental problems such as «destruction of the ozone layer» and «greenhouse effect». In addition, more than 400 tons of rocks that contain toxic elements (Hg, Pb, As, Se, Cd, Ni, Mo, Zn, Mn, V, Be, etc.) are blown into each of the adjacent territories. A burning rock dump has a sanitary protection zone of 500 m, a non-combustible zone -300 m, a separation of harmful substances and combustion productsup to 3 km. From this it can be concluded that living in the territories located in the vicinity of waste tanks is dangerous for life and health.
It is known that conducting experiments to investigate the formation of contamination zones is a fairly time-consuming process, Computational Fluid Dynamics (CFD) modeling is performed with the help of expensive commercial packages ISC3, Aermod, Fluent, CFX, etc [3, [6] [7] [8] [9] . Many numerical calculations are performed on the basis of the Lagrange and Gauss models and their various modifications [9, 11] .
The aim of this work is the development of a numerical model for assessing the impact of dumps on air pollution in nearby settlements and the possible location of the dump so that its negative impact is minimal on the areas under consideration. The proposed model can be used to predict air pollution in the event of a possible ignition of the waste water when a significant amount of harmful substances enters the atmosphere.
Purpose
The aim of the work is to develop computing numerical models to assess dumps influence on air pollution and to solve the problem of choosing of rational dump location.
Methodology
In this paper, the solution of two problems is considered related to the simulation of atmospheric air pollution from dumps.
Direct problem. A direct problem is to simulate atmospheric air pollution from the dump at a known value of its location coordinates. It can be project coordinates, that is the location where the dump is supposed to be located, or the coordinates of an already existing dump. To simulate the spread of gaseous emissions from dumps, the mass transfer equation (1) is used. In many works the rock dump is considered as a point-like object of pollution, in this work the blade is modeled by a set of point sources specified by the Dirac function, so it is reduced to an area source.
The meteorological situation parameters specific for the particular region where the dumps are located are determined based on the processing of observational data or based on the application of meteorological forecast data [1-4, 6, 12] The intensity of admixture intake from dumps can be estimated on the basis of experimental data or developed methods [4] . For example, the intensity of dust emission (tons/day) from inactive dumps can be estimated on the basis of empirical dependence:
where S is the surface area of the dump (m 2 ). Calculation of emissions (tons/day) from dumps not operating for less than three years is calculated using the formula: національного 
where p Pthe amount of polluting gases released from the dumps after the operation is finished (tons/day); Pamount of polluting gases released from the dumps during operation (tons/day) (4); fcoefficient, depending on the time during which the dump does not work.
After 1 year 0,5 f  ; after 2 years 0,3 f  ; after 3 years 0,1 f  (then the allocation becomes insignificant).
Calculation of gases emissions (tons/day) from existing burning slagheap and spinal heap are calculated according to the formula:
where т is the coefficient depending on the quality of coal (Table 1 .), Hheight of dump (m); Dthe amount of rock that is given to the dump (tons/(mday).
T ab le 1
The values of the coefficient m
Contaminant
Donets basin
Lviv-Volyn basin
Carbon monoxide, CO 0,2 2,0
Carbon dioxide, СО2 2,5 9,3
Sulfur dioxide, SO2 0,02 0,5
Hydrogen sulfide, H2S 0,01 0,03
Nitrogen oxides, NO+NO2 0,002 0,006
Calculation of emissions (tons/day) for gases from burning flat dumps is calculated using the formula:
where qspecific gas emission (kg/(m2 day)); for CO, 7,6 q  ; for CO2, q=138; for SO2, 1,7 q  ; for H2S, 0,5 q  ; for NO + NO2, 0,12 q  ; Sthe area of the base of the flat blade (m2); His the average height of the dump (m).
For the numerical solution of equation (1), an alternating-triangular implicit difference splitting scheme is used [1, 2, 6] . Consider the principle of constructing of this scheme.
Convective derivatives can be represented as:
To approximate convective derivatives, we use the expressions: 
.
The second derivatives are approximated by the following expressions:
n n n n i j i j i j i j y y y 
Integration over a time interval splits equation 
A feature of this difference scheme is that an unknown value of the impurity concentration at each step of the splitting is found by the explicit scheme of the running count. Based on the difference equations, the «FORW-2D» code was developed.
Direct problem. Under this task, the situation is considered when it is necessary to find the location of the dump so that its negative impact on the objects under consideration is minimal. Namely, the concentration of the pollutant coming from the dump at the locality point of the settlement should not exceed a certain predetermined value   To solve this problem, we can use equation (1) and sequentially choose different coordinates, different positions of the dump, by finding the solution of the problem by the search method. However, this process requires lots of calculations, since it is necessary to solve equation (1) many times to determine the pollutant concentration field in the settlement for different variants of the dump placement. More effective is the approach proposed by academician Marchuk, which is based on the solution of the conjugate equation (10) 
Having constructed the isolines of this functional, the solution of the problem is sought from the condition [3] :
where  is maximum permissible value of potential I .
To solve the conjugated problem (10) 
The solution of the conjugated problem starts from the moment of time tT  , the calculation proceeds in the opposite direction of time. To solve equation (10), we use the alternate-triangular implicit difference scheme considered above, that is, an unknown value * C is found by an explicit scheme of the running account. Based on this algorithm, the code «BACK-2D» was developed. This code is aimed to solve the problem of justifying the location of the dump.
Findings
The developed codes were used to solve two problems. The first problem is the calculation of the atmospheric air pollution zone with carbon monoxide using the proposed numerical model. The source of pollution are the dumps of the West-Donbas mine, the characteristic dimensions of the occupied territory are 860 m by 415 m according to the map. With the possible spontaneous combustion of these dumps, more than 10 tons/day of carbon monoxide can enter the atmosphere. The West-Donbas mine is a coal mining enterprise in the town of Ternivka, Dnipropetrovsk region (Ukraine), commissioned since 1979, is included in the PAO «Ternove» mine management of «DTEK Pavlohradvuhillya» (DTEK) from 2013, the largest mine in the Western Donbass. The calculation was carried out with the following parameters: the dimensions of the computed area were 4 km per 2 km, the wind velocity was U = 6 m/s with the south-west direction (Fig. 1) , Смах=18.381 mg/m 3 with steady flow regime. On the territory that limits the calculated zone of pollution, and outside of it the concentration of carbon monoxide is 5-10 % or less. In Figure 1 , a general zone of contamination is shown in the circle, which can occur when the meteorological parameters change, namely the direction of the velocity. The presentation of modeling results by imposition of contamination zones on a map of the territory, that is near to the source of pollution allows us to determine quickly the boundaries of zones of technogenic pollution and their variation under different meteorological conditions and different intensities of the pollutant.
The second problem is to select the location of the dump based on the solution of the conjugated equation. To illustrate the practical application of this approach, Figure 2 shows the isolines of the functional (12) , determined after solving the conjugated equation (10), which allow to determine the possible location of the dump, so that the negative impact on the village was minimal.
The isoline I = 5 shows that if the dump is placed along this line, then in the village the concentration of CO in the air will be 5 mg/m 3 . If the dump is placed on the line I = 9, this means that the CO concentration in the air is 9 mg/m 3 , it will exceed MACm.t. So, having made only one calculation based on the conjugate equation, it is possible to obtain an area where it is recommended to have a dump to minimize its influence on the level of air pollution in the village.
From the mathematical point of view, the influence of the dump on the air pollution in the village will be the same for any of its location along the line I = const (I = 5). However, from a practical point of view, it is necessary to divide the obtained picture of the isolines distribution of the functional I into two parts Figure 3 . The section A-B should be excluded from consideration, because if the dump is located on this site, when the wind direction in the village changes, intensive air pollution will occur, so it makes sense to put a dump in the C-D section. So, a computational experiment carried out to determine the functional lines, taking into account the practically possible location of the dump, allows us to refine the coordinates of the dump by solving the direct problem using equation (1) .
Originality and practical value
Two numerical models were developed to predict atmosphere pollution from dumps of breed. The first model is based on equation of pollutant convectivediffusive transfer. The second model is based on the equation of conjugate problem. Numerical integration of modeling equations is performed using implicit difference scheme of spiting. The developed models can be used for quick assessment of dumps influence on air pollution and to solve the problem of choosing of rational dump location.
Conclusions
As a result of the research, the following results were obtained:
1. A mathematical model is proposed for the «express» forecast of the level of air pollution in the impact zone of mine dumps, which is based on the numerical integration of the equation of convective-diffusion dispersion of an impurity in the atmosphere. For numerical integration of the modeling equation, an implicit difference splitting scheme is used, representing the balance of the impurity mass for each difference cell. The unknown value of the impurity concentration is determined by the running account method, which allows a simple software implementation of the difference relations.
The proposed model has a significant advantage over the currently used normative methodology of OND-86. The peculiarity of the model is the efficiency in obtaining forecast data. The model takes into account the main physical factors affecting the formation of contamination zones. This model is implemented in the form of the program code «FORW-2D».
2. A mathematical model has been developed for solving the problem of scientifically justified selection of the mine dump location with the condition of a minimum level of air pollution in ecologically significant areas (villages for workers, residential areas).
This model is based on solving the conjugate equation, which allows to determine the position of the dump based on a one-time calculation. This model is implemented in the form of the program code «BACK-2D».
3. The solution of the problem of assessing the impact of mine dumps on the level of atmospheric air pollution, as well as on justifying the location of the dump, requires 2 seconds of computer time. This is important for carrying out serial calculations in the centers for environmental protection.
4. The perspective of development in this direction is the working out of a 3D numerical model for predicting the formation of pollution zones near the dumps taking into account their geometric shape.
